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Description

This invention relates to a silicone gel sheet having

good handling properties that bears a silicone rubber

film on one and only one surface and to a very efficient

method for the preparation of said sheet This invention

also relates to a thermally conductive silicone gel sheet

to which heat- generating electrical and electronic com-

ponents can be temporarily affixed to heat-radiating fins

and metal sheets. The thermally conductive silicone

sheets of the present invention also support easy com-

ponent exchange. The invention also relates to a very

efficient method for preparing the thermally conductive

silicone gel sheet.

The silicone gel sheet fabricated by curing a sili-

cone gel composition into a sheet configuration gener-

ally exhibits tack and shape-corrformabiltty and as a

result is used as a pressure-sensitive adhesive sheet.

When a thermally conductive filler is present in this

sheet it can be used as a thermally conductive silicone

gel sheet that supports a very efficient radiation of the

heat from heat-generating electrical and electronic com-

ponents by providing intimate contact and adhesion

between such components and a heat-radiating fin or

heat-radiating metal sheet through the application of

moderate pressure. Said heat-generating components

are exemplified by power transistors, power modules,

thyristors, rectifiers, and transformers.

However, these silicone gel sheets readily take up

fingerprints and dust due to their tack. In addition, they

are easily deformed and torn due to their low mechani-

cal strength, which causes them to have very poor han-

dling characteristics. As a result, the attachment of such

a silicone gel sheet between an electrical or electronic

component and a heat-radiating fin or heat-radiating

metal sheet is encumbered by such problems as an ina-

bility to temporarily affix these components and, after

component attachment, by an inability to exchange or

replace the component.

Methods that inhibit fingerprint and dust uptake by

reducing the tacky character of the silicone gel are

exemplified by the following. In one such method the

electrical or electronic component, e.g., an IC, hybrid IC,

power transistor, capacitor, etc.. is first coated with a sil-

icone gel; the surface of the silicone gel is then coated

with organopolysiloxane bearing silicon-bonded hydro-

gen or alkenyl; and the gel is thereafter subjected to an

additional cure, which forms a silicone rubber film on the

surface of the gel (refer to JPAs 1-25704 6-45222. In

another such method, an electrical or electronic compo-
nent as described above is coated with a silicone gel

composition; the surface of this composition is then

coated with SiH-functional organopolysiloxane; and the

composition is thereafter cured to yield a silicone rubber

film on the surface of a silicone gel (refer to JP-A 61-

277414 (1986). In another method, an electrical or elec-

tronic component as described above is coated with a

silicone gel composition; the surface of this composition

is then coated with a curable silicone rubber composi-

tion; and these compositions are thereafter simultane-

ously cured with the formation of a silicone rubber layer

on the surface of a silicone gel (refer to JP-As 5-6951

1

and 5-69512. Yet another method consists of coating

5 SiH-functional organopolysiloxane on the inner surface

of a molding die and then pouring a silicone gel compo-

sition into this molding die in order to form a silicone rub-

ber film on the surface layer of the resulting silicone gel

molding (refer to JP-A 88281

.

10 However, each of the methods proposed in JP-As

1-25704 and 6-45222 and JP-As 61-277414, 5-69511,

and 5-69512 relates to a method in which the electrical

or electronic component is covered with silicone gel and

thus cannot be readily applied to silicone gel sheet In

15 addition, the method disclosed in JP-A 6-88281 is very

unsuitable for the fabrication of silicone gel sheet bear-

ing a silicone rubber film on a single surface.

On the other hand, the following have been pro-

posed, for example, in order to improve the handling

20 characteristics of silicone gel sheets: silicone gel sheet

in which a silicone gel layer is laminated on a silicone

rubber layer (JP-A 2-196453; silicone gel sheet afforded

by laminating silicone gel on a silicone rubber sheet

itself fabricated by coating and curing silicone rubber

25 into a network-like reinforcing material such as, for

example, glass cloth (JP-A 6-155517; and silicone gel

sheet in which metal foil has been installed on a single

surface (JP-A 6-291 226).

However, the silicone gel sheets proposed in JP-As

30 2-196453, 6-155517, and 6-291226 are disadvanta-

geous in that they no longer exhibit the shape-conform-

ing capacity originally present in the silicone gel sheet

itself. In addition, the silicone gel sheets taught in the

first two of these references suffer from a low adhesive

35 strength at the interface between the silicone gel and

silicone rubber layers. This results in debonding at the

interface when these sheets are subjected to thermal

cycling or flexural fatigue over extended periods of time.

The inventors achieved the present invention as a

40 result of extensive research directed to solving the prob-

lems described above.

In specific terms, an object of the present invention

is to provide a good handling silicone gel sheet that

bears a silicone rubber film on one and only one sur-

45 face. An additional object of the present invention is to

provide a very efficient method for the preparation of

said sheet Another object of the present invention is to

provide a thermally conductive silicone gel sheet that

can temporarily affix the components in the attachment

so of heat-generating electrical and electronic components

to heat-radiating fins and heat-radiating metal sheets

and that, after component attachment, supports facile

component exchange. Another object of the present

invention is to provide a very efficient method for prepar-

55 ing the said thermally conductive silicone gel sheet.

With regard to silicone gel sheet afforded by the

cure of an addition reaction-curing silicone composition

and having a penetration according to JIS K 2207 of 20

to 200, the silicone gel sheet according to the present

2
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invention is characterized in that a silicone rubber film is

formed on a single surface of the said sheet.

The method according to the present invention for

the preparation of the silicone gel sheet is characterized

by curing into sheet form an addition reaction-curing sil- s

icone composition residing on a releasing substrate that

is coated with a thin film of organopolysiloxane bearing

at least 3 silicon-bonded hydrogen atoms and/or alkenyl

groups in each molecule or residing between a releas-

ing substrate coated with the said organopolysiloxane io

and a releasing substrate not coated with the said orga-

nopolysiloxane.

The silicone gel sheet according to the present

invention will be considered in detail first. The silicone

gel sheet according to the present invention is charac- 15

terized by the presence of silicone rubber film on a sin-

gle surface of silicone gel sheet afforded by the cure of

an addition reaction-curing silicone composition and

having a penetration of 20 to 200 according to JIS K
2207. The subject silicone gel sheet is afforded by the 20

cure of an addition reaction-curing silicone composition,

and the penetration of the silicone gel according to JIS

K 2207 should be from 20 to 200. Silicone gel and sili-

cone rubber with a penetration below 20 exhibit a poor

tack and shape conformability, which restricts the appli- 2s

cations of the corresponding sheet At the other end of

the range, the soft or fluid silicone gels having penetra-

tions in excess of 200 yield a sheet with very poor han-

dling characteristics. While the subject silicone gels

exhibit tack as a general rule, their actual tack force is 30

not critical.

The silicone rubber film present on a single surface

of the silicone gel sheet is preferably formed there by

raising the crosslink density of the silicone gel-forming,

addition reaction-curing silicone composition through 35

the use of organopolysiioxane-type crosslinker. Silicone

gel sheet bearing such a silicone rubber film essentially

differs from the prior-art integral moldings of a silicone

gel layer and a silicone rubber layer that have been pro-

duced by (i) simultaneously curing an addition reaction- 40

curing silicone gel composition and an addition reac-

tion-curing silicone rubber composition or (ii) curing a

silicone rubber composition onto silicone gel already

generated by the cure of an addition reaction-curing sil-

icone gel composition. The essential difference here is 45

that the subject silicone gel sheet is an integrally

molded sheet in which it is almost impossible to clearly

distinguish the silicone gel layer/si licone rubber layer

bonding interface and which has a structure in which the

silicone gel and silicone rubber film are truly indivisible, so

The organopolysiloxane-type crosslinker to be used

to form the aforesaid silicone rubber film is preferably

organopolysiloxane having an average of at least three

reactive groups per molecule, wherein the reactive

groups are selected from the group consisting of silicon- 55

bonded hydrogen atoms and silicone bonded alkenyl

groups. The molecular structure of the subject organop-

olysiloxane is exemplified by straight-chain, partially

branched straight-chain, branched-chain, cyclic, and

network structures. The silicon-bonded organic groups

in the organopolysiloxane are preferably selected from

the group consisting of alkyl, alkenyl, aryl, aralkyl and

haloalkyl groups. The preferred alkyl groups are methyl,

ethyl, propyl, butyl, perrtyl, hexyl, and heptyl. The pre-

ferred alkenyl groups are vinyl, allyl, butenyl, pentenyl,

hexenyl, and heptenyl. The preferred aryl groups are

phenyl, tolyl. xyfyl, and naphthyl. The preferred aralkyl

groups are benzyl, and phenethyl. The preferred

haloalkyl groups are chloromethyl, 3-chloropropyl, and

3,3,3-trifluoropropyl. The use of methyl, vinyl, and phe-

nyl is particularly preferred. The organopolysiloxane

under discussion will in practice be a liquid or a gum. Its

viscosity at 25°C is preferably from 1 to 500,000

centipoise and more preferably from 5 to 100,000

centipoise.

In preferred embodiments, the organopolysiloxane-

type crosslinker which has an average of at least three

silicon-bonded hydrogen atoms per molecule is

selected from the group consisting of trimethylsiloxy-

endblocked methylhydrogenpolysiioxanes, trimethylsi-

loxy-endblocked dimethylsiloxane-methylhydrogensi-

loxane copolymers, trimethylsiloxy-endblocked

dimethylsilcxane-methylhydrogensiloxane-methylphe-

nylsiloxane copolymers, dimethylhydrogensiloxy-end-

blocked dimethylsiloxane-methylphenylsiloxane

copolymers, organopolysiloxane copolymers composed

of the R 13Si0 1/2 and R 1

2HSi01/2 siloxane units and

small amounts of the SiO^ siloxane unit organopolysi-

loxane copolymers composed of the R 1

2HSi01/2

siloxane unit and small amounts of the Si04/2 siloxane

unit, organopolysiloxane copolymers composed of the

R 1 HSi02/2 siloxane unit and small amounts of the

R 1Si03/2 or HSiO^ siloxane unit and mixtures of two

or more selections from these organopolysiloxanes. R 1

in the preceding formulas is a non-alkenyi monovalent

hydrocarbon group and is exemplified by the groups

already listed above.

In preferred embodiments, the organopolysiloxane-

type crosslinker which has an average of at least three

silicon-bonded alkenyl groups per molecule is selected

from the group consisting of trimethylsiloxy-endblocked

dimethylsiloxane-methytvinylsiloxane copolymers; tri-

methylsiloxy-endblocked methylvinylpolysiloxanes; tri-

methylsiloxy-endblocked dimethylsiloxane-

methylvinylsiloxane-methylphenylsiloxane copolymers;

dimethylvinylsiloxy-endblocked methylvinylpolysi-

loxanes; dimethylvinylsiloxy-endblocked dimethylsi-

loxane-methytvinylsiloxane copolymers;

dimethylvinylsiloxy-endblocked dimethylsiloxane-meth-

ylvinylsiloxane-methylphertylsiloxane copolymers; orga-

nopolysiloxane copolymers composed of the R 13Si01/2 ,

R 1

2R
2Si01/2 , and R 1

2Si02/2 siloxane units and small

amounts of the SiO^ siloxane unit; organopolysiloxane

copolymers composed of the R 1

2R
2Si01/2 and

R 1

2SiO^ siloxane units and small amounts of the

Si04/2 siloxane unit; organopolysiloxane copolymers

composed of the R1 R2Si02/2 siloxane unit and small

amounts of the R 1 St03^ or R2Si03/2 siloxane unit; and

3
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mixtures of 2 or more selections from these organopol-

ysiloxanes. R 1
in the preceding formulas is the same as

above, while R2 is an alkenyl groups. In preferred

embodiments, R2
is selected from the groups consisting

of vinyl, allyl, butenyl, perrtenyl, hexenyl, and heptenyl. 5

Additional preferred organopolysiloxane-type

Crosslinkers of the present invention are selected from

the group consisting of trimethylsiloxy-endblocked

methylhydrogensiloxane-methylvinylsiloxane copoly-

mers; trimethylsiloxy-endblocked dimethylsiloxane- 10

methylhydrogensiloxane-methyMnylsiloxane copoly-

mers; dimethylhydrogensiloxy-endblocked dimethylsi-

loxane-methylvinylsiloxane copolymers;

organopolysiloxane copolymers composed of the

R 1

3SiOiy2 ,
R 1

2HSi01/2 , and R 1

2R
2Si0 1/2 siloxane units 75

and small amounts of the SiO^ siloxane unit; organop-

olysiloxane copolymers composed of the R 1

2HSi01/2

and R 1

2R
2
SiOi/2 siloxane units and small amounts of

the SiO^ siloxane unit; and organopolysiloxane copol-

ymers composed of the R^SiO^ and R^SiO^ 20

siloxane units and small amounts of the R 1Si03/2 or

HS1O3/2 siloxane unit; and mixtures of 2 or more selec-

tions from these organopolysiloxanes. R 1
in the preced-

ing formulas is a non-alkenyl monovalent hydrocarbon

group and is exemplified by the groups already listed 25

above, while R2 is an alkenyl group and is exemplified

as above.

The tack force of the surface of the silicone rubber

film should be lower than the tack force of the silicone

gel surface but is not otherwise critical. The difference in 30

the tack forces can be determined by touching wfth a

finger, but is preferably determined using a probe tack

tester in accordance with the method of ASTM D 2979.

From a practical standpoint, the tack force of the surface

of the silicone rubber film preferably does not exceed 35

80% of the tack force of the associated silicone gel sur-

face.

The silicone gel can contain those inorganic fillers

ordinarily used in addition reaction-curing silicone com-

positions. The silicone gel must contain a thermally con- 40

ductive filler when used as a thermally conductive

silicone gel sheet. Preferred thermally conductive filler

include quartz, alumina, magnesia, zinc white, boron

nitride, aluminum nitride, silicon nitride, and mica. The
thermally conductive filler preferably has an average as

particle size of 0.01 to 50 micrometers. The content of

the thermally conductive filler in the silicone gel is pref-

erably from 50 to 95 weight% of the thermally conduc-

tive gel.

The dimensions of the silicone gel sheet are not so

critical and should be selected as appropriate to the

particular application. For example, when the silicone

gel sheet is used as a thermally conductive silicone gel

sheet for joining an electrical or electronic component to

a heat-radiating fin or heat-radiating metal sheet, its ss

thickness is preferably from 0.01 to 50 mm and particu-

larly preferably from 0.1 to 10 mm. In addition, fabric,

either natural or synthetic and woven or nonwoven, may
be used as a support or carrier in the silicone gel layer

of the silicone gel sheet The subject woven and nonwo-

ven fabrics are preferably selected from the group con-

sisting of woven and nonwoven fabrics of cellulose fiber,

polyester fiber, polypropylene fiber, polyvinyl alcohol

fiber, nylon fiber, aramid fiber, and glass fiber.

In a preferred embodiment, a release sheet is

placed on both surfaces or at least on the silicone gei

surface of the silicone gel sheet and is peeled off just

prior to use of the silicone gel sheet. This release sheet

is preferably selected from the group consisting of films

of an organic resins selected from the group consisting

of fluororesin, polyethylene resin, polypropylene resin,

and polyester resin; paper coated with the aforemen-

tioned organic resins; and paper treated with fluorosili-

cone resin.

The preparative method according to the present

invention will now be explained in detail. The prepara-

tive method according to the present invention com-

mences with the application to a releasing substrate of

a thin film of organopolysiloxane having an average of at

least three reactive groups per molecule, wherein the

reactive groups are selected from the group consisting

of silicon-bonded hydrogen groups and silicon-bonded

alkenyl groups. The material constituting the releasing

substrate should not stick even to the silicone gel sheet

afforded by the cure of the addition reaction-curing sili-

cone composition and should be peelable therefrom,

but is not otherwise particularly restricted in its charac-

ter. When the composition will be cured at elevated tem-

perature, the substrate must exhibit heat resistance.

The releasing substrate is preferably selected from the

group consisting of fluororesins, polypropylene resins,

polyethylene resins, and polyester resins. The organop-

olysiloxane to be applied on the surface of the releasing

substrate is exemplified by the organopolysiloxane-type

crosslinkers described above.

As long as a thin film is laid down, the quantity of

application of the organopolysiloxane to the releasing

substrate is not otherwise critical. A thin film will not be

obtained when the applied quantity becomes too large.

In addition, the properties, such as the tack force and

mechanical properties, of the silicone rubber film

formed on the one surface of the silicone gel sheet

become nonuniform at excessively large applications.

When, on the other hand, too little of this organopolysi-

loxane is applied, a silicone rubber film will not be

formed on the one surface of the silicone gel sheet

product. The quantity of application is preferably from

0.00001 to 0.1 g/10 cm2
, more preferably from 0.00005

to 0.05 g/10 cm2 , and particularly preferably from

0.0001 to 0.01 g/10 cm2 . The preferred techniques for

the uniform application of the organopolysiloxane on the

releasing substrate are spray coating, brush coating,

and application from paper or sponge soaked with the

organopolysiloxane. The organopolysiloxane can also

be applied after a preliminary dilution with organic sol-

vent, e.g., toluene, xylene, hexane, octane, acetone,

methyl ethyl ketone, etc. The organic solvent is then

evaporated off after application. The uniform application

4
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of the organopotysiloxane to the releasing substrate is

very important for the present invention.

In the next step, an addition reaction-curing silicone

composition is cured in sheet form either on the afore-

mentioned organopolysiloxane-coated releasing sub-

strate or between the aforementioned

organopolysiloxane-coated releasing substrate and

releasing substrate not coated with the organopotysi-

loxane. The cure of this addition reaction-curing silicone

composition should yield a tacky silicone gel having a

penetration of from 20 to 200 according to J IS K 2207.

Silicone compositions of this nature are exemplified by

the composition comprising

(A) an organopolysiloxane containing an average of

at least two alkenyl groups per molecule,

(B) an organopolysiloxane containing an average of

at least two silicon-bonded hydrogen atoms per

molecule, in a quantity that affords values of from

0.1 to 10 for the molar ratio of SiH in this component

to alkenyl in component (A), and

(C) a platinum catalyst, in a quantity that provides

0.1 to 1,000 weight-ppm (based on the composi-

tion) platinum metal from this component.

The organopolysiloxane (A), which is the base

ingredient of the composition under consideration, con-

tains an average of at least two alkenyl groups per mol-

ecule. The alkenyl in component (A) is preferably

selected from the group consisting of vinyl, allyl, bute-

nyl, pentenyl, hexenyl, and heptenyl, with vinyl being

particularly preferred. The alkenyl can be bonded in

component (A), for example, at the molecular chain ter-

minal and/or in nonterminal position along the molecu-

lar chain. The non-alkenyl silicon-bonded organic

groups in component (A) are preferably selected from

the group consisting of aikyl, aryl, aralkyt and haloalkyl

groups. The preferred alkyl groups are methyl, ethyl,

propyl, butyl, pentyl. hexyl, and heptyl. The preferred

aryl groups are phenyl, tolyl, xylyl, and naphthyl. The

preferred aralkyl groups are benzyl, and phenethyl. The

preferred haloalkyl groups are chloromethyl, 3-chloro-

propyl, and 3,3,3-trifluoropropyl. Methyl and phenyl are

particularly preferred.

The molecular structure of component (A) is exem-

plified by straight-chain, partially branched straight-

chain, cyclic, and branched-chain structures. Compo-

nent (A) preferably has a substantially straight-chain

structure when component (B) has a branched-chain

structure. Component (A) preferably has a viscosity at

25°C from 10 to 500,000 centipoise and particularly

preferably from 50 to 100.000 centipoise because such

values afford a good handling conposition and afford a

silicone gel product with good physical properties.

The organopolysiloxane (A) is preferably selected

from the group consisting of trimethylsiloxy-endblocked

dimethylsiloxane-methyrvinylsiloxane copolymers; tri-

methylsiloxy-endblocked methyrvinylpolysilaxanes; tri-

methylsiloxy-endblocked dimethylsiloxane-

methyrvinylsiloxane-methylphenylsiloxane copolymers;

dimethyMnyisiloxy-endblocked dimethylpoJysiloxanes;

dimethyMnylsiloxy-endblocked methytvinylpolysi-

loxanes; dimethytvinylsiloxy-endblocked dimethylsi-

5 loxane-methytvinylsiloxane copolymers;

dimethylvinylsiloxy-endblocked dimethylsiloxane-meth-

ylvinylsiloxane-methylphenylsiloxane copolymers; orga-

nopolysiloxane copolymers composed of the R^SiO^.
R 12R2Si01/2 , and R^SiO^ siloxane units and small

w amounts of the SiO^ siloxane unit; organopolysiloxane

copolymers composed of the R 1

2R
2Si01/2 and

R 1

2Si02/2 siloxane units and small amounts of the

Si04/2 siloxane unit; organopolysiloxane copolymers

composed of the R 1 R2Si02/2 siloxane unit and small

15 amounts of the R1 Si03^ or R2Si03/2 siloxane unit; and

mixtures of 2 or more selections from these organopol-

ysiloxanes. R 1
in the preceding formulas represents

non-alkenyl monovalent hydrocarbon groups and is

exemplified by alkyl groups such as methyl, ethyl, pro-

20 pyl, butyl, pentyl, hexyl, heptyl, and so forth; aryl groups

such as phenyl, tolyl, xylyl, naphthyl, and so forth;

aralkyl groups such as benzyl, phenethyl, and so forth;

and haloalkyl groups such as chloromethyl, 3-chloro-

propyl, 3,3,3-trrfluoropropyl. and so forth. R2 in the pre-

25 ceding formulas represents alkenyl, for example, vinyl,

allyl, butenyl, pentenyl, hexenyl, and heptenyl.

The organopolysiloxane (B), which functions as a

crosslinker for the composition under discussion, con-

tains an average of at least 2 silicon-bonded hydrogen

30 atoms per molecule. This silicon-bonded hydrogen can

be bonded in component (B) in molecular chain terminal

position and/or in nonterminal position along the molec-

ular chain. The silicon-bonded organic groups in com-

ponent (B) are preferably selected from the group

35 consisting of alkyl, aryl, aralkyl, and haloalkyl groups.

The preferred alkyl groups are methyl, ethyl, propyl,

butyl, pentyl, hexyl, and heptyl. The preferred aryl

groups are phenyl, tolyl. xylyl, and naphthyl. The pre-

ferred aralkyl groups are benzyl and phenethyl. The pre-

40 ferred haloalkyl groups are chloromethyl. 3-

chloropropyl, and 3,3,3-trcfluoropropyl. Methyl and phe-

nyl are particularly preferred.

The molecular structure of component (B) is exem-

plified by straight-chain, partially branched straight-

45 chain, cyclic, and branched-chain structures. Compo-

nent (B) preferably has a substantially straight-chain

structure when component (A) has a branched-chain

structure. Component (B) preferably has a viscosity at

25°C from 1 to 500,000 centipoise and particularly pref-

so erably from 5 to 100.000 centipoise because such val-

ues afford a good handling composition and afford a

silicone gel product with good physical properties.

The organohydrogenpolysiloxane (B) is preferably

selected from the group consisting of trimethylsiloxy-

55 endblocked methylhydrogenpolysiloxanes, trimethylsi-

loxy-endblocked dimethylsiloxane-methylhydrogensi-

loxane copolymers, trimethylsiloxy-endblocked

dimethylsiloxane-methylhydrogensiloxane-methylphe-

nylsilaxane copolymers, dimethylhydrogensiloxy-end-

5
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blocked dimethylpolysiloxanes, dimethylhydrogensiloxy-

endblocked dimethytsiloxane-methylphenylsiloxane

copolymers, dimethylhydrogensiloxy-endblocked meth-

ylphenytpolysiloxanes, organopolysiloxane copolymers

composed of the R^SiO^ arid R^HSiOjg siloxane

units and small amounts of the SiO^ siloxane unit,

organopolysiloxane copolymers composed of the

R 1

2HSi01/2 siloxane unit and small amounts of the

SiO^ siloxane unit, organopolysiloxane copolymers

composed of the R 1
HSiC>2/2 siloxane unit and small

amounts of the R 1 Si03/2 or HSi03/2 siloxane unit, and

mixtures of two or more selections from these organop-

olysiloxanes. R 1
in the preceding formulas is a non-

alkenyl monovalent hydrocarbon group and is exempli-

fied by the groups already listed above.

Component (B) is added in an amount that affords

values of from 0.1:1 to 10:1 for the molar ratio of silicon-

bonded hydrogen in (B) to alkenyl in component (A). A
satisfactory cure will not be obtained when this molar

ratio is below 0.1:1. When this molar ratio exceeds 1 0:1

,

the resulting silicone gel will undergo changes in its

physical properties with elapsed time and in extreme

cases the composition will not cure.

The platinum catalyst (C) is a catalyst that acceler-

ates the cure of the composition under discussion. This

platinum catalyst (C) is exemplified by microfinely

divided platinum, platinum black, platinum-on -silica

micropowder, platinum-on-active carbon, chloroplatinic

acid, alcohol solutions of chloroplatinic acid, platinum-

olefin complexes, and platinum-alkenylsiloxane com-

plexes. Another example of (C) comprises thermoplas-

tic resin micropowder that contains a platinum catalyst

as described above, wherein the said thermoplastic

resin is exemplified by acrylic resins, polycarbonate res-

ins, polystyrene resins, methylcellulose resins, polysi-

lane resins, nylon resins, polyester resins, and

polypropylene resins. Component (C) is added in a

quantity that will give from 0.1 to 1,000 weight-ppm

(based on the composition) platinum metal from this

component and particularly preferably from 1 to 500

weight-ppm (based on the composition) platinum metal.

In addition to components (A) to (C), this silicone

composition may contain optional components such as,

for example, inorganic fillers such as fumed silica,

fumed titanium dioxide, iron oxide, aluminum hydroxide,

magnesium carbonate, calcium carbonate, zinc carbon-

ate, laminar mica, carbon black, diatomaceous earth,

glass ftoer, and so forth, and the preceding fillers after

surface treatment with an organosilicon compound such

as organoalkoxysilane, organochlorosilane, organosila-

zane, or a low-molecular-weight siloxane compound. A
thermally conductive filler must be blended into this sili-

cone composition when the silicone gel sheet is to be

used as a thermally conductive silicone gel sheet The

thermally conductive fillers are exemplified by quartz,

alumina, magnesia, zinc white, boron nitride, aluminum

nitride, silicon nitride, and mica. The thermally conduc-

tive filler content in this silicone composition should be

from 50 to 95 weight% of the subject thermally conduc-

tive silicone composition.

A cure inhibitor can be admixed in order to improve

the handling characteristics of the silicone composition.

Said cure inhibitor is exemplified by alkyne alcohols

5 such as 3-methyM -butyn-3-ol, 3,5-dimethyl-1-hexyn-3-

ol, 2-phenyl-3-butyn-2-ol, and so forth; ene-yne com-

pounds such as 3-methyl-3-penten-1-yne
t
3,5-dimethyl-

3-hexen-1-yne, and so forth; 1,3,5,7-tetramethyl-

1 ,3,5,7-tetravinylcyclotetrasiloxane; 1 ,3,5,7-tetramethyl-

10 1,3,5,7-tetrahexenylcyclotetrasiloxane; and benzotria-

zole. The cure inhibitor is preferably added to the sub-

ject composition at from 10 to 50,000 weight-ppm.

Within a range in which the objects of the invention

are not impaired, the silicone composition under consid-

15 eration may contain, for example, the following compo-

nents on an optional basis: organopolysiloxane

containing 1 silioon-bonded hydrogen atom or alkenyl

group in each molecule, organopolysiloxane lacking sil-

icon-bonded hydrogen and alkenyl. organopolysiloxane

20 containing silicon-bonded alkoxy and silicon-bonded

hydrogen or alkenyl in each molecule, organosilicon

compounds that contain silicon-bonded alkoxy and the

epoxy group in each molecule, organosilicon com-

pounds that contain silicon-bonded alkoxy and the

25 methacryloxy group in each molecule, adhesion pro-

moters, organic solvents, crepe-hardening inhibitors,

storage stabilizers, heat stabilizers, flame retardants,

plasticizers, thixotropy donors, pigments, dyes, and

antimolds.

30 The method for preparing the silicone composition

under consideration is exemplified by preparation in a

mixing device such as a Ross® mixer or planetary

mixer. "ROSS" is a registered trademark of Charles

Ross & Sons Co. of Hauppauge, NY. When the silicone

35 gel composition will be stored as a single-part formula-

tion, it must be stored at temperatures not exceeding

25°C and preferably is refrigerated at' a temperature not

above 10°C. Storage of the subject silicone composition

divided into two or more parts requires that these parts

40 be mixed to homogeneity just before use.

In order to form the silicone gel sheet by curing the

subject silicone composition into a sheet while it resides

on the releasing substrate coated with organopolysi-

loxane having an average of at least 3 reactive groups

45 per molecule, wherein the reactive groups are inde-

pendently selected from the group consisting of silicon-

bonded hydrogen atoms and silicon-bonded alkenyl

groups, the silicone composition is poured in the

desired thickness on the releasing substrate coated

so with a thin film of the organopolysiloxane, a defoaming

treatment is optionally effected, and the silicone compo-

sition is then cured at room or elevated temperature.

The resulting silicone gel sheet will be a silicone gel

sheet on which there is formed a silicone rubber film in

55 the region in contact with the releasing substrate. The

following two methods are examples of the method for

curing the silicone composition between organopolysi-

loxane-coated releasing substrate and releasing sub-

strate not coated with the organopolysiloxane: (i)

6
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pouring the silicone composition as described above on

the organopolysiloxane-coated releasing substrate,

overlaying this with releasing substrate not coated with

the organopolysiloxane while avoiding the production of

bubbles on the surface of the composition, and curing

the silicone composition at room or elevated tempera-

ture while applying pressure to the releasing substrates;

or pi) pouring the silicone composition between the

described releasing substrates while avoiding bubble

formation and then effecting cure at room or elevated

temperature. With regard to cure of the silicone compo-

sition at elevated temperature, the curing temperature is

preferably from 50°C to 250°C and particularly prefera-

bly from 70°C to 200°C. The dimensions of the silicone

gel sheet are not critical and should be selected as

appropriate to the particular application. For example,

when the silicone gel sheet is to be used as a thermally

conductive silicone gel sheet for electrical or electronic

components, from a practical standpoint pouring must

be carefully carried out so as to provide a thickness

preferably of from 0.01 to 50 mm.

The silicone gel sheet prepared as described above

has a silicone rubber film on one of its surfaces. The

tack force of this silicone rubber film can be adjusted

through the type and molecular structure of the organo-

polysiloxane that is coated on the surface of the releas-

ing substrate. The tack force of the silicone rubber film

should be lower than the tack force of the silicone gel.

The difference in the tack forces can be determined by

touching with a finger, but is preferably determined

using a probe tack tester in accordance with the method

of ASTM D 2979. The tack force of the silicone rubber

film preferably does not exceed 80% of the tack force of

the associated silicone gel.

Silicone gel sheet prepared as described above dif-

fers from the prior-art integral moldings of a silicone gel

layer and a silicone rubber layer that have been pro-

duced by (i) simultaneously curing an addition reaction-

curing silicone gel composition and an addition reac-

tion-curing silicone rubber composition or (ii) applying

and curing a silicone rubber composition onto silicone

gel already generated by curing a silicone gel composi-

tion. The difference is that the subject silicone gel sheet

is an integrally molded sheet that lacks a clear or dis-

tinct silicone gel layer/silicone rubber layer bonding

interface and has a structure in which the silicone gel

and silicone rubber film are in fact indivisible. In addi-

tion, fabrication of the prior-art silicone gel sheets

requires the preparation of two types of compositions,

i.e., a silicone gel composition and a silicone rubber

composition, while in contrast the preparative method

according to the present invention uses just a silicone

gel composition. Moreover, the tack force of the silicone

rubber film formed on the one surface of the silicone gel

sheet can be adjusted through the type and molecular

structure of the organopolysiloxane used to coat the

surface of the releasing substrate. These features make

possible a substantial simplification in the process for

fabricating silicone gel sheet.

Because the silicone gel sheet according to the

present invention exhibits excellent handling character-

istics, it can be used as a shape-conforming pressure-

sensitive adhesive sheet. In addition, the admixture of

5 thermally conductive filler combined with the sheet's

capacity to intimately connect and interface heat-gener-

ating electrical and electronic components to heat-radi-

ating fins or a heat-radiating metal sheet make possible

its use as a thermally conductive silicone gel sheet that

70 enables a highly efficient radiation of the heat produced

by such components. These heat-generating electrical

and electronic components are exemplified by power

transistors, power modules, thyristors, rectifiers, trans-

formers, etc. The instant silicone gel sheet offers the

75. advantage of providing a temporary fastening of these

components and, after component attachment permit-

ting facile exchange of the component

Examples

20

The silicone gel sheet according to the present

invention and method for the preparation thereof will be

explained in greater detail through the working exam-

ples that follow. The property values reported in the

25 examples were measured at 25°C. The tack force was

measured on both sides of the silicone gel sheets using

a probe tack tester (NS Probe Tack Tester from

Nichiban) and the method specified in ASTM D 2979.

The thermal conductivity was measured by the method

30 specified in JIS R 2618 using a Shortherm QTM instru-

ment (nonsteady-state hot wire method) from Showa

Denko Kabushiki Kaisha. The handling characteristics

of the silicone gel sheets were evaluated during use of

the thermally conductive silicone gel sheet to attach a

35 power transistor to a heat-radiating fin.

Example 1

A trimethylsiloxy-endblocked dimethylsilaxane-

40 methylhydrogensiloxane copolymer (silicon-bonded

hydrogen content = 0.8 weight%) with a viscosity of 5

centipoise was uniformly coated at a rate of 0.003 g/10

cm2 on the surface of the fluororesin film in a fluororesin

film-coated molding die.

45 An addition reaction-curing thermally conductive

silicone composition was prepared by mixing the follow-

ing to homogeneity: 100 weight parts dimethylvinylsi-

loxy-endblocked dimethylpolysiloxane with a viscosity of

380 centipoise and a vinyl content of 0.48 weight%; 0.1

so weight part trimethylsiloxy-endblocked dimethylsi-

loxane-methylhydrogensilaxane copolymer with a vis-

cosity of 5 centipoise and a silicon-bonded hydrogen

content of 0.8 weight%; platinum/1, 1,3,3-tetramethyl-

1,3-dTvTnyldisiloxane complex in a quantity providing 15

55 weight-ppm platinum metal in the complex based on the

total weight of the dimethylpolysiloxane; 450 weight

parts alumina powder (average particle size = 3

micrometers) as thermally conductive filler; and 0.01

weight part ethynylhexanol as cure inhibitor. This com-

7
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position was carefully poured onto the aforementioned

fluororesin film so as to avoid bubble formation. Another

molding die, in this case coated with untreated f luor-

oresin film, was laid onto the composition in intimate

contact therewith while avoiding bubble production. The 5

dies were heated for 1 5 minutes at 1 00°C under a pres-

sure of 50 kgf/cm2 to fabricate a silicone gel sheet with

a thickness of 1 mm. The silicone gel had a penetration

of 55.

A silicone rubber film was formed on one surface of 10

this silicone gel sheet This was a low-tack silicone rub-

ber film with a tack force of 8 g *f, whereas the silicone

gel on the other surface was strongly tacky with a tack

force of 120 g -f. The thermal conductivity of this sili-

cone gel sheet was 3 x 10"3 cal/cm • sec - °C on both 15

sides.

A thermally conductive silicone gel sheet was pre-

pared by cutting the silicone gel sheet to the size of a

power transistor. The tackier surface of this thermally

conductive silicone gel sheet was placed on the power 20

transistor, at which point thorough contact and adhesion

was noted. "The silicone rubber film on this thermally

conductive silicone gel sheet was well-resistant to fin-

gerprint, dust and speck uptake. An aluminum heat-

radiating fin was then pressed onto the silicone rubber 25

film surface of the thermally conductive silicone gel

sheet and fastened with a screw. After this, the heat-

radiating fin was removed and the thermally conductive

silicone gel sheet could be easily-peeled off. There was
no change in the shape of the thermally conductive sili- 30

cone gel sheet In addition, this thermally conductive sil-

icone gel sheet could be re-attached to the power

transistor and thus could be reused.

Example g 35

The surface of the fluororesin film in a fluororesin

film-coated molding die as in Example 1 was uniformly

coated at a rate of 0.003 g/10 cm2 with a 1 : 99 (weight

ratio) mixture of trimethylsilaxy-endblocked dimethylsi- 40

loxane-methylhydrogensiloxane copolymer (viscosity =

5 centipoise, silicon-bonded hydrogen content = 0.8

weight%) and trimethylsiloxy-endblocked dimethylsi-

loxane-methylhydrogensiloxane copolymer with a vis-

cosity of 20 centipoise and a silicon-bonded hydrogen 45

content = 0.1 weight%.

The addition reaction-curing thermally conductive

silicone composition described in Example 1 was
poured onto the fluororesin film; another molding die, in

this case coated with untreated fluororesin film, was so

clamped on; and heating was carried out for 15 minutes

at 100°C under a pressure of 50 kgf/cm2 to fabricate a

silicone gel sheet with a thickness of 1 mm. The silicone

gel had a penetration of 55.

A silicone rubber film was formed on one surface of 55

this silicone gel sheet This was a low-tack silicone rub-

ber film with a tack force of 65 g * f , whereas the silicone

gel on the other surface was strongly tacky with a tack

force of 120 g »f. The thermal conductivity of this sili-

cone gel sheet was 3 x 10'3 cal/cm • sec • °C on both

sides.

A thermally conductive silicone gel sheet was fabri-

cated from this silicone gel sheet as in Example 1 . The

silicone rubber film on this thermally conductive silicone

gel sheet was well-resistant to fingerprint dust, and

speck uptake. The thermally conductive silicone gel

sheet could be easily peeled from the power transistor

and heat-radiating fin, and in both cases no change in

shape occurred. This permitted its reuse.

Comparative Example 1

A 1 mm-thick silicone gel sheet was prepared as in

Example 1, but in this case without coating the fluor-

oresin fDm surface in the fluororesin film-coated molding

die with the trimethylsiloxy-endblocked dimethylsi-

loxane-methylhydrogensiloxane copolymer (viscosity =

5 centipoise. silicon-bonded hydrogen content = 0.8

weight%) as was done in Example 1 . The silicone gel

sheet had a penetration of 55.

This silicone gel sheet had a high tack and had a

tack force of 120 g •! on both sides. The thermal con-

ductivity of this silicone gel sheet was 3 x 1
0'3 cal/cm •

sec • °C on both sides.

A thermally conductive silicone gel sheet was pre-

pared from this silicone gel sheet as in Example 1 . This

thermally conductive silicone gel sheet took up finger-

prints, dust and specks. The heat-radiating fin could not

be easily peeled from the power transistor, and the for-

cible peeling of the heat-radiating fin resulted in stretch-

ing of a portion of the thermally conductive gel sheet

and finally in tearing. This thermally conductive silicone

gel sheet could not be reused.

Despite the pressure-sensitive adhesive character

of the silicone gel sheet according to the present inven-

tion, this sheet is characterized by excellent handling

characteristics because a silicone rubber film is formed

on one and only one of its surfaces. The preparative

method according to the present invention is character-

ized by the ability to prepare the subject silicone gel

sheet in a highly efficient manner. When loaded with

thermally conductive filler, the silicone gel sheet accord-

ing to the present invention can be used as a thermally

conductive silicone gel sheet for attaching heat-generat-

ing electrical and electronic components to heat-radiat-

ing fins or heat-radiating metal sheets. This sheet is

characterized by the ability to temporarily affix these

components and, after component attachment, to per-

mit facile exchange of these components. Finally, the

preparative method according to the present invention

is characterized by the ability to prepare the subject

thermally conductive silicone gel sheet in a highly effi-

cient manner.

Claims

1. A silicone gel sheet, comprising silicone gel in the

form of a sheet and a silicone rubber film; wherein

8
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said sheet has a surface; said silicone gel has a

penetration value of 20 to 200, when measured

according to J IS K 2207, and is prepared by curing

an addition reaction-curing silicone composition;

said silicone rubber film is formed on said surface of $

said sheet and wherein every other surface of said

sheet is free of a silicone rubber film.

2. Trie silicone gel sheet of claim 1 , wherein the sili-

cone rubber film is formed by increasing the 10

crosslink density of the addition reaction-curing sili-

cone composition through the use of an organopol-

ysiloxane-type crosslinker.

3. The silicone gel sheet of claim 2, wherein the orga- is

nopolysiloxane-type crosslinker is organopolysi-

loxane having an average of at least three reactive

groups per molecule wherein said reactive groups

are individually selected from the group consisting

of silicon-bonded hydrogen atoms and silicon- 20

bonded aJkenyl groups.

of an organopolysiioxane having an average of

at least three reactive groups per molecule,

wherein said reactive groups are individually

selected from the group consisting of silicon-

bonded hydrogen atoms and silicon-bonded

alkenyl groups;

(B) contacting the coated release substrate

with an addition reaction-curing silicone com-

position;

(C) contacting the addition reaction-curing

composition with a release substrate that is

free of an organopolysiioxane having an aver-

age of three reactive groups per molecule,

wherein the reactive groups are selected from

the group consisting of silicon-bonded hydro-

gen atoms and silicon-bonded alkenyl groups;

and

(D) then curing the addition reaction-curing sil-

icone composition.

4. The silicone gel sheet of claim 1, wherein the tack

force of a surface of the silicone rubber fflm has a

tack force that is no greater than 80% of the tack

force of a surface, other than the surface having the

silicone rubber film, of the silicone gel.

25

The silicone gel sheet of claim 1, wherein the sili-

cone gel has thermally conductive filler. 30

A method for preparing a silicone gel sheet, said

method comprising the steps of

(A) coating a release substrate with a thin film

of an organopolysiioxane having an average of

at least three reactive groups per molecule,

wherein said reactive groups are individually

selected from the group consisting of silicon-

bonded hydrogen atoms and silicon-bonded

alkenyl groups;

(B) contacting the coated release substrate

with an addition reaction-curing silicone com-

position; and

(C) then curing the addition reaction-curing sil-

icone composition.

35

40

45

The method of claim 6, wherein the releasing sub-

strate is coated with 0.00001 to 0.1 g/10 cm2
of the

organopolysiioxane. so

9.

The method of claim 6. wherein the addition reac-

tion-curing silicone composition has thermally con-

ductive filler.

A method for preparing a silicone gel sheet, said

method comprising the steps of

55

(A) coating a release substrate with a thin film

9


